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ABSTRACT  

The current study was aimed to isolate and diagnosis Bacillus mucilaginosus and evaluate its 

use as biofertilizer alone or interfere with Glomus mosseae on growth and yield of corn (Zea 

mays L.) Randomized completely block design was used at the Field of College of Agriculture- 

University of Baghdad  Al-Jadriya in silt clay loam soil. The biofertilizer was used  alone or as 

combination that added with or without 50 Kg P ha
­¹
 of rock phosphate and with or without 

120 Kg K ha
­¹
 while, 250 Kg N ha

­¹
 was added as urea (46%N) to all treatments. Results 

showed the superiority of bacterial or fungal biofertilizer on enhancing all growth traits of 

corn and the addition of  B . mucilaginosus together with Glomus mosseae  resulted 

superiority for plant height , dry weight of vegetative part , grain yield and biological yield 

with the values 229.4 cm , 180.7 gm .plant
­¹
,12.17 tons ha

­¹
 and 19.59  tons ha

­¹
 respectively. As 

well as treatment gave significant increase equal the increase in the yield due to addition of 

completely recommended mineral fertilizer which was 12.14 tons ha
-1

 .                                                                    
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 حسين وآخرون                                                                           97-86:عدد خاص((70: 2019-مجلة العلوم الزراعية العراقية 

في نمو وحاصل  Glomus mosseae فطركسماد حيوي بالتداخل مع   Bacillus mucilaginosusتقييم أستعمال بكتريا
 .الذرة الصفراء 

 * حميد عمي ىدوان                عبد الرضا              حسن عمي***أسماء سميم حسين             
 رئيس باحثين                     أستاذ                                                       باحث                

*  دائرة وقاية   جامعة بغداد  –** قسم مكافحة التصحر /   كمية الزراعة      / وزارة الزراعة  *  دائرة وقاية المزروعات
 المزروعات / وزارة الزراعة

 المستخمص
أو بالتداخل  بمفردىاوتقييم تأثير أستعماليا كسماد حيوي Bacillus mucilaginosus ىدفت الدراسة الحالية عزل وتشخيص بكتريا 

أستعمل تصميم القطاعات تامة التعشية في تنفيذ التجربة الحقمية في أحد . وحاصل الذرة الصفراءفي نمو  mosseae Glomusمع فطر 
 أو كتوليفة سماديةوأستعمل السماد الحيوي بصورة منفردةً  غرينية طينية مزيجيةجامعة بغداد / الجادرية في تربة  –حقول كمية الزراعة 

أو من كبريتات البوتاسيوم  1-.ىكتار Kكغم  120صخر الفوسفات أو عدم أضافتو و من 1-.ىكتار Pكغم  50وذلك بالتداخل مع إضافة 
( ولممعاملات N%46بأستعمال سماد اليوريا ) 1-.ىكتار Nكغم  250 عدم أضافتو ، في حين تمت أضافة التوصية السمادية الكاممة 

بكتريا  أضافة نمو الذرة الصفراء كما تفوق صفات البكتيري أو الفطري في جميعجميعيا . بينت نتائج التجربة تفوق المقاح 
B.mucilaginosus +  فطرGlomus mosseae  في ارتفاع النبات والوزن الجاف لممجموع معاً عمى المقاح البكتيري أو الفطري

 1-طن ىكتار 19.59و  1-غم نبات180.7سم و  229.4 معاممة التداخل تمك اذ سجمت،الخضري والحاصل البايولوجي وحاصل الحبوب

في الصفات المذكورة بالتتابع كما حققت معاممة التداخل زيادة معنوية تكافئ الزيادة عند اضافة التوصية السمادية  1-طن ىكتار12.17و
 .1-كتارىطن  12.14الكاممة في صفة حاصل الحبوب ،إذ بمغت 

 مايكورايزا . ،الكممات المفتاحية : البكتريا المذيبة لمبوتاسيوم، الاسمدة المعدنية 
 *جزء من آطروحة دكتوراه لمباحث الاول.   
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INTRODUCTION 

The optimum use of soil microorganisms 

activities are an important step to increase  the 

available of nutrients for plant and hence 

develop the agriculture, Biofertilization is a 

technique which are alternative, inexpensive 

and appropriate source for environment in 

comparison with chemical fertilizers (30) . 

Researchers were carried out many attempts to 

isolate and diagnosis different microorganisms 

and use its as agent of biofertilizers. There are 

different microorganisms which have an 

important role in the geochemical cycle of 

different nutrients like nitrogen, phosphorus 

and potassium and some rhizosphere bacteria 

have the ability to dissolve potassium easily 

from soil and potassium carrying minerals 

such as mica ,illite and orthoclase by 

producing different rock and silicon chelating 

ions to produce dissolved potassium in soil 

solution (5) . It was found that potassium 

dissolving bacteria Bacillus mucilaginosus 

produce numbers of enzymes such as nuclease, 

endoglucanas ,cellobiase ,protease ,ribonuclase 

and phosphomonoestrase which some of its do 

important role in potassium release mechanism 

(51). Phosphorus is an important nutrient   for 

plant development and cell division (42). 

Some studies indicated the important role of 

micorrhiza fungi in improving water relations 

and increase plant resistant to drought (41), 

Glomus mossase is one of the most important 

and most dispersal in soil (55). The current 

study was aim isolation and identification of 

B.mucilaginosus and use it as biofertilitzer 

alone or with  Glomus mosseae to evaluate its 

effect on growth and yield of corn.    

MATERIALS AND METHODS 

This study was carried out at the field of the 

Research Station -College of  Agriculture 

University of Baghdad during2016-2017 in silt 

clay loam soil with chemical ,physical and 

biological characteristics 

(14,15,16,23,25,37,39,54) (Table  1), to study 

the effects of Bacillus mucilaginosus as 

biofertilizer alone or with Glomus mosseae on 

growth and grain yield of corn (Zea mays L.). 

Selected B.mucilaginosus was isolated because 

of its high efficiency in dissolving potassium 

and grown on Aleksandrov broth medium at 

28   for 3 days .The infected roots and soil 

with spores of Glomus mosseae inoculum was 

added at depth 5 cm in the holes while 

Bacillus mucilaginosus was added to the peat 

moss as carrier by mixing 100 ml of    

Table1. Some physical , chemical and biological characteristics of soil before planting 
Properties Unit Value 

pH 

ECe 

NH+
4 

NO-
3 

P 

K 

 7.2 

1.3 

49 

42 

3.0 

179 

dS m-1 

 

mg kg-1 

 

 

mmeq L-1 D
isso

lv
ed

 io
n

s 
 

Ca++  

Na+ 

Mg++ 

SO4
-2 

Cl- 

HCO3
- 

9.68 

10.44 

6.32 

7.28 

11.22 

2.92 

CEC                      

Organic matter 

Cmol kg-1 

gm kg-1 soil 

 

gm kg-1 soil 

15.3 

6.8 

182.16 

469.74 

348.10 

S
o

il sep
a

ra
to
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Sand                    

Silt 

Clay 

Class texture       Clay Loam                                             Silt 

N
u

m
b

er 

o
f 

m
icro

o
rg

a

n
ism

  

Number of Total 

bacteria  

Number of Total fungi  

 

CFU gm-1dry soil   

 

1.5*109 

1.8*104 
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bacterial inoculum with 150 g of peat moss 

and 50g of charcoal powder.  The soil was 

prepared after plowing by the rotary plow 

,leveling . The Field was divided into three 

block leaving guard spaces among them. At 

22/3/2017 three corn seeds (Baghdad 3 

cultivar) were planted in hole and the distance 

between hole and other was 40 cm and after 

emergence one seedling was conservative at 

each hole. The field experiment consist from 

three factors , the first was biofertilizer with 

four types(with out inoculation , Bacillus 

mucilaginosus  inoculum ,Glomus mosseae  

inoculum ,mixture of B.mucilaginosus + 

Glomus mosseae ), the second factor include 

with and with out potassium sulphate addition 

while the third factor include with and with out 

rock phosphate addition ,A RCBD with three 

replicates was used in this experiment ,each 

block consist of 16 experimental units with 

9m
2
 area (the total of experimental units were 

48), and each experimental unit consist of 

three lines ,the distance between each row was 

75cm. mineral fertilizers were added according 

to the recommendation for nitrogen fertilizer 

to all treatments, using urea (46%N) 250 Kg N 

ha
-1 

In two doses ,the first at planting and the 

second after 45 days of emergence ,while 120 

Kg K ha
-1

 potassium sulphate (42%K) was 

added and 50 Kg P ha
-1

 of rock phosphate 

(10%P) for one  dose at planting according to 

the treatments .The soil moisture was up to 

50% of available water and the loses of water 

added during record the depth and volume of 

irrigated water using sensors which were put at 

different depth (10,15,30 and 45)cm and 

joined with data logger. 22/7/2017 at the end 

stage of experiment ,plant height , dry matter 

of vegetable part , Biological yield and grain 

yield were recorded .  

RESULTS AND DISCUSSION  

Plant height(cm) 

Results of the field experiment in Table 2 

shows superiority of all biofertilizers 

treatments(bacterial and fungus) in plant 

height over the control (No biofertilizer). The 

B. mucilaginosus bacterial inoculant treatment 

had an average plant height of 216.6 cm, while 

the control treatment had 214.8 cm ,but this 

increase did not significant . The Gloums 

mosseae fungus treatment gave an average 

plant height of 224.1 cm, which was 

significantly higher than the control treatment 

by 4.33% .  This can be attributed to the ability 

of mycorrhizal fungus to absorb nitrogen, 

phosphorus,potassium, calcium, sulfur, iron, 

magnesium , cobalt and zinc from the soil to 

the plant by roots as it ,has been indicated by 

other researchers (35,55) Beside that 

potassium effect of mycorrhizal fungus in 

improving photosynthesis process and 

enhancing absorption of some nutrient 

especially phosphorus(1) and encouraging 

water and nutrient absorption (41) which 

enhanced plant height .Bashier (13) obtained 

similar results for wheat and Hamdan (26) for 

corn crop when using G.mosseae fungus . The 

combined (bacteria and fungus) treatment gave 

plant height (229.4 cm) significantly higher 

than the control by 6.8%. This can be related 

to the synergic role of both bio fertilizers 

(bacteria and fungus) in making nutrients 

available for plants  especially macronutrients 

NPK also, production of some growth 

regulators such as gibberellin , oxen, cytokine . 

which stimulate plant cells to division and 

hence more plant height (57). The rock 

phosphate and potassium sulfate treatments 

gave significant difference in plant height, 

which had averages of 225.6 cm and 224.7 cm 

with increase of 4.06 % , 3.22% in comparison 

with no rock phosphate and no potassium 

sulfate treatments which had plant heights of 

216.8 cm and 217.7 cm ,respectively . The 

treatment of bacterial inoculant and rock 

phosphate gave significant increase in plant 

height (224.5 cm) over the control treatment 

208.0 cm with an increase of 7.93% . This may 

be due to ability of bacteria to release some 

organic acids such as malic acid and formic 

acid which dissolve the phosphate and this was 

reflected possibly on plant height (32).The 

treatment of bacteria inoculant with potassium 

sulfate has increased plant height as 220.2 cm 

over the control but this increase did not 

significant.  From the other side, treatment of 

fungal inoculant and rock phosphate produced 

significantly highest plant height, fungus 

inoculant which was 225.3 cm with an 

increase of 8.32% .This was attributed by 

researches to the fact that the presence of 

mycrorrizha fungus in root zone may increase 

plant  ability to absorb phosphorous in case it 

is available in sufficient quantities and hence 
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the result is good plant height (24). Treatment 

fungus inoculant and potassium sulfate were 

nonsignificant increase in plant height (226.0 

cm). Treatments triple interaction (bacteria and 

fungus inoculant with rock phosphate),  

(bacteria and fungus inoculant with potassium 

sulfate), (bacteria inoculant with rock 

phosphate and potassium sulfate), (fungus 

inoculant with rock phosphate and potassium 

sulfate),( bacteria and  fungus  inoculant with 

rock phosphate and potassium sulfate), gave 

increase in plant height as 229.4,228.3, 

227.4,228.2,233.2 cm , respectively, but all 

increases non significant.  

Table 2. Effect of different factors on the height (cm) of corn 
biofertilizer x 

Rock 

phosphate    

Potassium Rock phosphate Biofertilizer treatments 

 With 

K2SO4 

Without     

K2SO4 

208.0 220.7 195.3 Without rock control  

221.5 223.2 219.8 With Rock 

208.7 213.0 204.5 Without rock Bacillus.mucilaginosus 

224.5 227.4 221.5 With Rock 

222.9 223.8 221.9 Without rock Glomus.mosseae 

225.3 228.2 222.4 With Rock 

227.6 228.3 226.8 Without rock Bacillus.mucilaginosus 

+Glomus.mosseae  
231.3 233.2 229.4 With Rock 

7.5 N.S LSD 

  224.7 217.7 Potassium sulfate average                          

3.8 LSD 

Inoculant treatments * potassium sulfate                              

Inoculant 

average  

With 

K2SO4 

Without     

K2SO4        

  

214.8 222.0 207.6 Without inoculant                                          

216.6 220.2 213.0 Bacillus.mucilaginosus 

224.1 226.0 222.2 Glomus.mosseae 

229.4 230.8 228.1 Glomus.mosseae +Bacillus mucilaginosus 

5.33  N.S LSD 

Rock phosphate *potassium sulfate  

Rock 

phosphate 

average 

With 

K2SO4 

Without     

K2SO4        

  

216.8 221.5 212.1 Without rock phosphate  

225.6 228.0 223.3 With rock phosphate  

3.8 N.S LSD 

Vegetative dry weight (gm plant 
-1

)  

Results in Table 3 shows that all biofertilizer 

treatments produced significantly highest 

vegetative dry weight over control treatments. 

Addition of B.mucilaginosus bacteria resulted 

significantly increases in vegetative dry weight 

as 172.41  gm plant 
-1

 with increases of 5.67% 

gm plant 
-1

 compared with the control (no 

bacterial inoculation ) (163.16 gm plant 
-1

) in 

this respect (20) delected that when barley 

grains were inoculated with six isolates of 

bacillus caused an increase in plant growth and 

its vegetative part and root system growth due 

to the influence of bacteria, and this study was 

in accordance with study of  other researchers 

(53) Al-Khalel (6) was found that the addition 

of plant growth simulated B.muclaginosus 

resulted in significant  increases in dry weight 

of vegetative dry weigh and roots in 

comparison with control treatment. Addition 

of G.mosseae  resulted in increase a vegetative 

dry weight of corn to 173.26 gm plant 
-1

 which 

was significant higher than the control 

treatment 163.16 gm plant 
-1

 with a percent 
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increase of 6.19%. Inoculation with G.mosseae  

helped in producing more growth regulators 

such as IAA and water and nutrients 

absorption which have reflected positively on 

corn growth and in hence the increase in  

vegetative dry weight hence (49). (31) 

Mahmoud and Rizi (32) found in their studies 

using mycorrizha inoculation increased the 

vegetative dry weight Also, other researchers 

(2, 13,19,26,38) were reported that applying 

fungus bioinoculant caused increases in 

vegetative dry weight. Results showed that 

inoculation with both B.mucilaginosus and 

G.mosseae  resulted in an increase in 

vegetative dry weight which is equivalent to 

application of both rock phosphate and 

potassium sulfate alone as rock phosphate 

treatment gave significant. increases in dry 

matter weight with value 176.70 gm plant 
-1

 

with increases 5.14% in comparison with 

control of 168.06 gm plant 
-1

. while treatment 

of potassium sulfate gave significant increases 

in dry weight of vegetative part 176.71 gm 

plant 
-1

 with  increase was 5.15% in 

comparison with control of 168.06 gm plant 
-

1
.while the treatment of both bio fertilizers 

(bacteria and fungus) gave highly significant 

superiority dry weight 180.70 gm plant 
-1

 with 

a increase of 10.75% in comparison with 

control treatment which was 163.16 gm plant 
-

1
 .This results confirm the importance of this 

microorganism in increasing the availability of 

phosphors and potassium in soil. The 

treatment bacteria and rock phosphate gave 

dry matter weight of 176.19  gm plant 
-1

  and 

this was significantly higher than the control 

which was 153.81 gm plant 
-1

 with increase 

14.55%. While the treatment ,bacterial and 

potassium sulfate gave significantly for dry 

matter weight 176.51 gm plant 
-1

 than the 

control 154.99 gm plant 
-1

  with increases 

13.88%.The treatment fungus with rock 

phosphate gave significantly increases 174.39 

gm plant 
-1

  with increase 13.38%, the 

treatment of fungus with potassium sulfate 

gave significantly in  dry matter weight of 

175.49 gm plant 
-1

 than the control 154.99 gm 

plant 
-1

 with 13.23% increase . these results 

may due to for this is that the role of 

mycorrizha that may increase the production 

of phosphatase enzyme which increase 

phosphorus availability (11). Mycorrizha can 

Improve the activity of phosphatase enzyme 

inside the vesicular and internal hypha (21). 

This may be related to the interaction between 

the chemical and bio fertilizers which 

influence plant physiological processes 

throughout increasing photosynthesis 

components which at the end increase plant 

dry weight as a result of nutrients absorption 

from soil (47). The treatment of rock 

phosphate and potassium sulfate resulted in 

significantly increases in dry matter weight 

178.68 gm plant 
-1

 than the control treatment 

161.38 gm plant 
-1

 with of increases 10.72%. 

this can be attributed to the fact that the 

increases in plant ion nitrogen absorption play 

important role in the formation of amino acids 

which that are important for plant tissues 

which means more vegetative plant parts and 

higher dry weight because of good rooting 

system caused by phosphors though more 

water and nutrient absorption . Also because of 

the role of potassium in cell division and plant 

growth (34) as well as its role in  enhancing 

nitrogen absorption and hence improving plant 

growth (52) and the role of potassium in the 

activity of numbers of enzymes especially 

those related to photosynthesis 

processes(18).Results showed that addition of 

bacteria and fungi inoculant with rock 

phosphate gave a significant increase in dry 

matter weight which 183.01 gm plant 
-1

 ,the 

increase was 32.34% in comparison with 

control treatment which was 138.29 gm plant 
-

1
 .while the treatment of bacteria and fungi 

inoculants with potassium sulfate resulted in a 

significant increases in dry matter weight 

which was 182.66 gm plant 
-1

 with increases 

32.08% the treatment of fungal inoculant with 

potassium sulfate and rock phosphate resulted 

in a significant increase in dry matter weight 

which was 176.35 gm plant 
-1

 with increases 

27.52% compared to control treatment . The 

treatment of bacteria and fungi with potassium 

sulfate and rock phosphate significantly 

increases in dry weight. Which was180.65 gm 

plant 
-1

 with increase 30.63% in compare to 

control treatment. while treatment of bacteria 

and fungi with rock phosphate and potassium 

produced significant increases in comparison 

with most of the doable and control treatment 

,the dry weight was 184.41 gm with of 

increases 33.35% , these increasing may due to 
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the activity of the added microorganism by 

different mechanism such as dissolving the 

unavailable material and releasing nutrients in 

soil and secrete some hormones and growth 

regulator which helps cell division and 

improving plant growth (17,50). Also adding 

mineral fertilizers increase nutrient availability 

which enhanced plant roots to absorb nutrient 

resulted in high dry weight (28). these results 

came in agreement with what was reported by 

Al-Khalel and Ali (6) as she indicated 

obtaining more dry weight as a result of 

adding both chemical and bio fertilizers.  

Grain Yield (tons ha
-1

)  

Results in Table 4 shows a significant 

increases in grain yield due to inoculation with 

both B.mucliganosus  and G.mosseae fungi 

inoculant treatments which was 11.61 and 

11.75 tons ha
-1

 with of increases 6.22% and 

7.50%  respectively in comparison with the 

control treatment which was 10.93 tons ha
-1

. 

This may be due to the fact that the bacteria 

inoculation helps in to making potassium and 

phosphate more available in soil by producing 

organic acids and enhancing more nutrients 

absorption and hence more plant growth (36) . 

In this respect (60) emphasized that the 

presence of useful effects of potassium 

dissolving bacteria on sorghum resulted in 

more  biomass and increase potassium and 

phosphate contents in plant which was 

reflected on grain yield compared with control 

treatment .Also other  

Table3.  Effect of different factors on the vegetable  dry weight (gm plant
-1

) of corn. 
Biofertilizer x 

Rock Phosphate   

Potassium Rock Phosphate Biofertilizer 

treatments K2SO4  with   Without      

K2SO4        

153.81 169.32 138.29 

171.69 

 

Without rock 

phosphate 

With rock phosphate 

Control 

 

 

 

 

Bcaillus 

mucilaginosus 

 

 

 

 

Glomus mosseae 

172.51 173.33 

168.64 172.37 164.91 Without rock 

phosphate 

176.19 180.65 171.74 With rock phosphate 

172.13 174.64 169.61 Without rock 

phosphate 

174.39 176.35 172.43 With rock phosphate 

177.69 182.66 172.72 Without rock 

phosphate 

Bcaillus 

mucilaginosus 

+Glomus mosseae 

 
183.71 184.41 183.01 With rock phosphate 

5.90 8.34 LSD 

 176.71 168.05 Potassium sulfate average              

2.95 LSD 

Inoculant treatments *potassium sulfate                               

Inoculant average With  K2SO4 without  

K2SO4 

  

163.16 171.32 154.99 Without inoculant 

172.41 176.51 168.32 Bcaillus mucilaginosus 

173.26 175.49 171.02 Glomus mosseae 

 

180.7 

183.53 177.86 Bcaillus mucilaginosus+ Glomus mosseae  

4.17 5.90 LSD 

Rock phosphate * potassium sulfate 

Rock phosphate 

average 

K2SO4 with       Without 

K2SO4        

  

168.06 174.75 161.38 Without Rock phosphate  

176.7 178.68 174.71 With Rock phosphate 

2.95 4.17 LSD 
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researchers (12) mentioned that inoculation 

with potassium dissolving bacteria resulted in 

an increase in grain yield of corn in 

comparison with control treatment since grain 

yield is a final result of all growth and 

development of plant (46). suitable potassium 

nutrient enhances nitrogen compounds 

translocation in grain crops and its simulation 

by cells, in addition potassium enhance 

biological processes including its potassium 

relation in increasing photosynthesis and 

movement of their products in case of good 

potassium absorption by increasing the 

synthesis ATP which increases phosphorous of 

photophos-  phorylation(22).Some researchers 

(45) emphasized that the potassium dissolving 

bacteria not only improve soil fertility but also 

increase grain yield and decrease the need for 

chemical fertilizers. Addition of mycorrihza 

fungus increased nutrient absorption and gave 

a significant increases in grain yield , which 

was 11.98% tons ha
-1

 with increases 6.49% 

over control treatment 11.25 tons ha
-1

. The 

increases in potassium availability in soil 

solution increases the ability of soil to support 

plants with this element and hence increase of 

efficiency of the photosynthesis process and 

increase its products (56) .In this respect other 

researchers (3,28) mentioned that potassium 

has direct influence on controlling plant 

Hormones which has relation with flower 

formation ,its inoculation and fruitfulness . this 

result came in agreement which results 

obtained by some researchers (7,9) which is 

the same significant for rock phosphate 

addition . The treatment of bacteria and fungus 

gave significant difference for grain yield with 

average 12.17 ton ha
-1 

(11.34%) increasing 

over the control treatment. And this may due 

to the addition of biofertilizers which 

encouraging the in plant growth  throughout 

producing different materials like vitamins, 

IAA and gibberellin which helps in seed 

germination and increase grain yield, the 

growth of shoots and roots which resulted in 

increase grain yields(59). Other researchers 

(43) related this to potassium absorption which 

influence chlorophyll formation that helps in 

forming new cells (58) . A significant increase 

happened with the combine inoculation of 

(bacteria and fungus)  which was 12.17 tons 

ha
-1

 in comparison with the control (No 

biofertilizers ) which was 10.93 tons ha
-1

 and 

this was almost close to increasing caused by 

rock phosphate and potassium sulfate 

treatment which  

Table4.  Effect of different factors on the grain yield (ton ha
-1

) of corn 
biofertilizer *rock 

phosphate  

Potassium Rock phosphate  Biofertilizer 

treatments With K2SO4 Without     

K2SO4        

10.16 11.34 8.97 Without rock phosphate control  

11. 70 11.93 11.46 With rock phosphate  

11.34 11.79 10.89 Without rock phosphate   Bacillus 

mucilagionsus 11.88 11.91 11.85 With rock phosphate  

11.51 11.89 11.14 Without rock phosphate Glomus mosseae 

11.99 12.17 11.82 With rock phosphate  

11.99 12.25 11.73 Without rock phosphate Bacillus 

mucilagionsus 

Glomus+mosseae 

12.35 12.56 12.14 With rock phosphate  

0.60 N.S LSD 

  11.98 11.25 Potassium sulfate average       

0.30 LSD 

Inoculant * potassium sulfate treatments 

Inoculant average With K2SO4 Without     

K2SO4        

  

10.93 11.66 10.22 Without inoculant  

11.61 11.85 11.37 Bacillus mucilagionsus 

11.75 12.03 11.48 Glomus mosseae 

12.17 12.40 11.94 Bacillus mucilagionsus+ 

Glomus mosseae 

 0.42 N.S LSD 

Rock phosphate *potassium sulfate 

Rock phosphate average With K2SO4 Without     

K2SO4        

  

11.25 11.82 10.68 Without rock phosphate 

11.98 12.14 11.82 With rock phosphate 

0.30 0.42 LSD 
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was 12.14 tons ha
-1

 in compared with the 

control treatment which was 10.68 tons ha
-1

 . 

Treatment of bacteria biofertilizer with rock 

phosphate gave significantly for grain yield 

which was 11.88 tons ha
-1

 with 16.93% 

increase high than control 10.16 tons ha
-1

. 

Adding fungal inoculant with rock phosphate 

gave grain yield of 11.99 tons ha
-1

with 18.01% 

increasing over the control .this can be 

attributed to the increase in available 

phosphorous soil which have importance role 

in metabolism processes and formation of 

energy compounds in addition to its impact on 

flowering and grain formation (33). Treatment 

of tri combination between bacteria 

inoculation with rock phosphate and potassium 

sulfate produced high grain yield of 11.91 tons 

ha
-1

 compare with control treatment .while 

treatment of bacteria and fungi treatment with 

rock phosphate gave higher grain 12.14 tons 

ha
-1

 as well as treatment of bacteria and fungi 

with potassium sulfate gave 12.25 ton ha
-1

 . 

and treatment of fungi with rock phosphate 

and potassium sulfate gave 12.17 tons ha
-1

. 

While treatment of bacteria and fungi with 

rock phosphate and potassium sulfate 

produced 12.56 tons ha
-1

 . which were all 

greater than the control treatment (no addition 

) which was 8.97 tons ha
-1

 but the increase in 

triple treatment were not significant over the 

doable treatment  

Biological yield (ton ha
-1

) 

Results in Table 5 shows that  there is a 

significant increases  in the biological yield of 

corn inoculated with B.mucilaginosus or 

G.mosseae  with a value 16.98 and 18.26 ton 

ha
-1

 ,respectively over the control treatment  

which was 15.35 ton ha
-1

 with10.62% and 

18.96% increases over the control treatment 

,respectively . the reason can be attributed to 

the fact that mycorrihza fungus increase the 

addition of bacterial inoculant with potassium 

sulfate gave an increase in grain yield which 

was 11.85 tons ha
-1

 in comparison to control 

(No bacteria and potassium sulfate) which was 

10.22 tons ha
-1

 on the other hand treatment of 

fungal inoculant with potassium sulfate gave 

12.03 tons ha
-1

 grain yield but was not 

significantly higher than control . amount of 

growth regulators released in growth medium 

like oxen ,gibberellin , cytokine which 

enhance the root hairs to grow  and hence 

more plant growth and biological yield 

(26,40,44,57). Treatments of potassium sulfate 

and rock phosphate produced high biological 

yield than the control treatment which were 

18.69 and 18.38 ton ha
-1

 with a significant 

increases  as 13.96 and 9.99% over the control 

treatments (No addition) which were 16.40 

and 16.71 ton ha
-1

 respectively. This may due 

to potassium role in enhancing cell division 

and increasing cells swelling and also 

increasing the efficiency of photosynthesis and 

its translocation to the other parts of plant also 

its role in enhancing numerous biological 

processes inside plant tissues which increases 

biological yield (10). Nutrients concentration 

in soil and hence more absorbed by plant 

which positively reflected on cell division and 

plant growth (3).this also resulted in more 

biological yield . Addition of chemical 

fertilizers (NPK) increases the nutrient 

availability which increases plant  growth 

especially leaf area and hence simulating 

nutrients which increases plant growth and 

biological yield (4) bacteria and fungus 

treatment has increased the biological yield up 

to 19.59 tons ha
-1

 with 27.62% increases in 

comparison with control which was 15.35 tons 

ha
-1  

.This may be related to the potassium 

effect for both microorganism in increasing the 

biological nitrogen fixation for other 

microorganisms in soil throughout the 

increases in the ability of fungus to supply 

bacteria with phosphorous and other nutrient 

required as energy sources in addition to its 

positive effects on supplying plants with 

growth regulators which have their role in 

improving plant growth and productivity by 

enhancing plant rooting system to absorb 

nutrient and hence increase biological yield 

(48). This can be attributed to the fact that the 

biofertilizers increase total root system for 

plants by supplying plant with materials 

,enzymes and vitamins such as B12 and some 

antibiotics that kill the harmful microbes in 

soil and hence increasing root efficiency to 

absorb micronutrient in soil (8). This result 

came in agreement with what was found by 

other researchers (29) .when they used mixed 

inoculant of G.mosseae mycorrhiza and 

A.chroococcium bacteria and bacillus sp. To 

study its  effect on growth production and 

nutrient absorption of wheat crop in India. 
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They found that mycorrihza increased dry 

weight of shoots ,roots ,biological yield ,grain 

yield and straw .Also some researchers (26,53) 

emphasized inoculant of corn grains with 

biofertilizer increased crop growth and grain 

yield which increased biological yield  .On the 

other hand addition of bacteria with rock 

phosphate has increase the yield biological to 

17.82 ton ha
-1

,while adding fungus to rock 

phosphate yield 18.81 tons ha
-1

 in comparison 

with control yield which was gave 14.68 ton 

ha
-1

  

Table5.  Effect of different factors on the biological yield (ton ha
-1

) of corn 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in comparison to treatment of bacteria with 

potassium the yield was 17.99 ton ha
-1

 ,while 

fungus with potassium sulfate treatment gave 

19.93 ton ha
-1

 and the control was 16.63 ton 

ha
-1

. Treatment of potassium sulfate with rock 

phosphate gave biological yield of 19.54 tons 

ha
-1

 , but this increase was not significant, 

while treatments of single bacteria or fungus 

and inoculant with both with either rock 

phosphate or potassium sulfate gave increase 

biofertilizer * rock 

phosphate 

Potassium  Rock 

phosphate  

Biofertilizer    treatments 

With 

K2SO4 

Without     

K2SO4        

14.68 16.18 13.19 Without rock 

phosphate  

Control 

16.02 17.07 14.96 With rock 

phosphate  

16.15 17.74 14.56 Without rock 

phosphate 

Bacillus mucilaginosus 

17.82 18.25 17.39 With rock 

phosphate 

17.71 19.08 16.33 Without rock 

phosphate 

Glomus mosseae 

18.81 20.78 16.83 With rock 

phosphate 

18.30 18.37 18.23 Without rock 

phosphate 

Bacillus mucilaginosus+ 

Glomus mosseae 

20.88 22.07 19.69 With rock 

phosphate 

N.S N.S LSD 

  18.69 16.40 Potassium sulfate average 

0.79 LSD 

Inoculant * Potassium sulfate treatments 

Inoculant average With 

K2SO4 

Without     

K2SO4        

  

15.35 16.63 14.08 Without inoculant 

16.98 17.99 15.98 Bacillus mucilaginosus 

18.26 19.93 16.58 Glomus mosseae 

19.59 20.22 18.96 Bacillus mucilaginosus +Glomus  mosseae 

 

 1.113 N.S LSD 

Rock phosphate * Potassium sulfate                                    

Rock phosphate 

average  

 With 

K2SO4 

Without     

K2SO4        

  

16.71 17.84 15.58 Without rock phosphate 

18.38 19.54 17.22 Rock phosphate 

0.787 N.S LSD 
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in biological yield of 19.69,16.33 ,18.25            

,20.78 and 22.07 ton ha
-1

 ,respectively in 

comparison with the control treatment (no 

addition) which was 13.19 ton ha
-1

 , but these 

increases did not significant . 
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